
Buecl upoD • review of tbe iDformIIioa available to abe wartiDI paup. it IJ'PIIft tIIIt .... is I'IIIIively
little curreat or IDticipated 1111 by other lef'Vices (other dIaD RAS IDd ARNS) ill die Uaited St8teIIDd ea.wtIIre
ill tbe J6J()'1626.5 portioD of .... L-bud. ud tbfnfore DO .no. ar __ .. pi ••, •• ., &lie
propoeed abocatiou. Tbe Co-d,nioe', aim.., na1eI oa pri-.y ry IllaCFl1iaM....MIl. 1M....
procedures establilbsd It WARC-92 b' iDteraltioaal DOtiftcatioa.. 000IdiDaticla of ..... pn.ry _1fMMsty
MSS tralllmiuioulbouJd be ..ffici.t to protect ldequaaely GIber lIIYices fioID banDf6I1 iDterfereece. Ac:conIiDalY.
DO DeW rules or operatill, criteria are ncommeodecl for tbe protectioa of IUCb .-vices.

Curreat use of this poltioa of the L-bIDcI by lIIYices o1ber IbID ItAS ad ARMS is quite .....
ill the UDited States ad abl'Old. Tben is virtually DO uiltiaa dolMltic 1111 of die '-d by ftud...... RDSS
aacl other lerVices. There are a limited Dumber of couatries tbIt bav. Illocated Ibed ..w. by fooIDote to die
iIltematioaal allocatioa tables.

1lte '-d i. I1Ioc1ted oa a co-primuy bIsia ill .... U........ b IDSS (IaItIHo-
1pIICe). With tbe demi. of tbe 0e0Itar Corporatioa. then are 110 bowD piau for atllllive I.DSS of tbe
bsDd. I There are DO fixed or mobile 1ef'VK:e aUOCItioas ill dais iliad... a -.dI of die ... FCC ....
iDdicated that DO sucb systems are cumatJy liceased to operate then.

3.2.2 International Allocations and Known S,...

RDSS is a co-primuy lef'Vice ill kepoa 2 .. ill __ ClGUDtt"iII ill 1 ... 3. Tbe.y
kDowD s)'ltem Uc.Ied muotber aouatry waF 1.ocItar which 1110 it 110 Ioapr ill 1'IIere are 110 IaaDwD
plaDs for ay other iDterDatioaal kDSS systems &Del BODe have b-. edYIDCId publiIbId by the IPRB.

Ei,bteea aouam. have I1located filed lel'Vices 011 • pri-.y bais ill abe bIads J550-1645.5 MHz
&Del 1646.5-1660.5 MHz by footDote to the iIlterDalioaal aliocalioa ......2 All Idditioaal 29 couatriel have
al10cIted filed eervicea ill abe iliad 1540-1645.5 MHz 1DCl1645.5-1660 MHz 011 • ..,tary bIsia.1 Tbere are
DO illterutioaaJ mobile lefVice aIIoc:atioa iD tbe bud. A -.dI of abe mJ lDterDatioaal F....-cY Lilt revtIlecI
oaly ODe system reJistend ill the 1616-1626.5 MHz bsnd. This syscem is rePsteNd to c.eboIIovatia. Tbe IWG2
wu DOt able to obtaiD complete iDformatioa about foreip systems tbIt aUabt be operatiD, iD the fixed .-vice ill
this bud.

lTbe FCC ,..tly ...... allplCial tIIIIponry authority (STA) to NewCOlDb CmunuaiClliaFat to operIte the
iDterim RDSS IlteUite J*'bIt8 left ..... by 0e0I&ar wbea. it WllIiquMhMd. 1'IIIt compay IllS aIIO applied for
more penIIIMIIt autbority to opetI&e tbese facilities. ID its appIicaboa. boweYer. die applieat tIIIt it
would oaly operate tbeIe satellite ...... uatillUCb time u tbe pIOpOIId MSS .,... opentioaaI.

2JTU FD 730 IiltlIbe folJowiD, COUIltrieI: Federal Republic ofa.m.y. AUIIria, Bulpria. CametooD. 0uiDea.
Huapl)'. lDdoDeIia. Libya. Mali. MoaJOlia. Ni,eria. Poland. thea-Democratic Republic. Roaaia. s-,aI.
c.eboIIoYakia. PtIDCe IDd tbe U.S.S.R.

IlTlJ Fa 727li111 the foIIowiDI couatriel: Af......i... 5Iudi AnIbia, BIbniD die c..o.l3IYPt.
tbe UDited Arab Emintel. EdIiopia, InD. Inq. &r.I. JordIII. Kuwait,~ MOI8CCO. Hiler. OaIID,
Plkistu. Qetar. Syria, SolDllia, SudID, Sri l..aab. ChId, ThaiIaDd, Toao. V (p.D.R. of)" ZaIbia.



A ndar .yst.em opentiD. ia Swedea cumady occupieI .... 1590-1626.5 MHz bad. 11aiI.,...
is the OI1Iy boWD .yltem opentiD. UDder ITU FN 731 which alJoca&eI tbiI bIDd to the IIIeI'OUUticai ndio DaviptioD
lel'Vice on a primary basis.

4.1 Introduction

MSS will &bare the 2483.5-2500 MHz blDd with terNItriaI aaed .. mobiIe.me.. Some of .....
SituatiODS will require coordination. In addition. there are a Dumber ofmiIcell......w. tbat ..... the 2483.5­
2500 Mhz blDd with MSS and could occasioaally cause iaterfenDce to MSS if MSS receiven were very cia- to
the offeodia. transmitters. In partieular there are lOme Freach I'Ildan in the radio Iocatiq .mee (RLS) aDd tbere
are the eIectroaie aews ptberia. tnDImiuen (ENG) iD .... bIoMcIIt auiJiaIy .moe (BAS) but ..... are few•
........y located. aad operate iDtMmitteatly. Local ... ae&worb (IAN) ... ndio aIIo .. daiI bud except iD
the U.S. wbere they are NItricted to fNqu.ciel below 2413.5 MHz. a-e. of .... low poMII iIlvolvell it is
ualikely tbat ..... lel'Vices will caue IipitbDt iDterf...... except iD......." ".. ,... _ it...01aut
of bud emissioDS from ARABSAT aad INSAT iD the broMcIIt lIt.eIli.. .moe (ISS).

Two other services raise IOmewbat Iarpr cmtcerIUI. They are .... MMDSI1TPS ~ice. wbere out oftllDcl
emissioas from the lower ebaDDels could be troublesome. aad the iadUltrial. scieDtifie. IIDd microwave .-vice
(ISM), especially microwave OVeDS because there are 10 many of them.

4.% Shari.., with the FIXed and Mobile Senoic:es

Domestic and iDterDatioaal fNqueDCy auipmeots for 1tati0DI in tbe FWds.vice IN provided in1W02-63
and IWG2-15. respectively. It Ibould be DOted that iDtematioaal aIIi y do DOt reflect tbe faII_.t
of frequeacy blDd usaae. Ia the columa for domestic Iic:eases, _ NCORIed at 2500 MHz IN lpICialIy
DOted insofar as the baDd«l.e operation of the associated statioas may yield lower poa.tial to cause or IUIfer
interference.

4.%.1 Interfenace to Mobile Earth Stations froaa Fixed T....mttln

Accordia. to the FCC database, there are 737 licensed find 1tati0DI in the 2483.5-2500MHzbMd. Some
of the tnumitters may cause iaterfereace to mobile earth statiODI. Ia lOme cu.. multiple tnIDIIIIitten.yoperate
UDder the same link attribution. As of the mid-1980s, the FCC Rules for terreItriallel'Vices probibit .y iDcreue
iD the Dumber of liceued temItrial tnDSmitters. Most prevaleDt doaMItie temltriallel'Vices illdicated have tbe
foUowiD. pural uaipmeat parameters:

Ipdystrial. Petroleum
FCC Rule Part: 94

EIRP:

18.8 dBW miDimum (EMELF data base)

30 dBW mediaD

45.0 dBW muimum (EMELF aad autboJUed Part 94)

BaDdwidtb - 100 kHz typical (DIU. IIdboriI*I per Part 94)

ADteIlDa Gain - 24 to 35.8 dBi (often Dot .ivea iD EMELF)
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AateaDa Hei,bt - 6 to 80 meters

Broadcast Aul,iliaa

FCC Rule Part: 74

AD... IDput Power (put 74 limitl):

- Fixed 20 Wattalclwmel

- Mobile. 12 Wattllclwmel

No_YIIIwere provided toquaatifytbe sbariD, couttaiDtI Deeded topnlWDt~ to IIIObiIetutb
ltaliou from domeItic terreItrial &cilia. ill the 2413.5-2500 MHz bIad. ,....,..e:Qcatity of .m., ...
~ facilities ill other bIDds WII DOt I ••nud.

BIIed OIl UlilJllDlDtI ill die IDterDltiODll F~y Lilt ...... COGIdi8IIiaD d.... ll*ified ill
Reeolutioa 46 for mobile earth ltMiou operItiD, iD the 2483.5-2500 MHz bad (i 500 laD .. 1000 laD for
around-baed aDd aitborDe mobile eutb ltatiODS). coordiuaioa will be to potIaIiIllweia of
interfenace from foreip ltalioaa opentiq in the Fixed Service. For IIIObiIe ~ ill or C1'IW ....

U.S•• coordiDltioa will be Deeded with CIDIda. Mexico. lad RUlli&. Por apII'IdaD of1IIObiIe ouIIide
the U.S•• operator coordiDltioo will be Deeded with ArpotiDa, AUICria. BelpU1D. C.W·, awe ..-uc
of 0iDa. GermlDy. SpaiD. Frace, NetberllIlCIs. Inm. KUWlit, Muico. Malta. c.eb lad SloYIk P.....
Republica, RUlaia. Turkey. IDd YUJOIlavia. as well as other IdmiDiltntioaa that _y ... to DOlify fiud .-vice
usi~ts ill the 2483.5-2S00 MHz bIad.

4.2.2 Intaferenc:e from MSSIRDSS Constellations to Find S,...

The Power Flux Deuity (PFD) ...... by MSSIRDSS ....-nft, ill ac.a of leveII ".eribed by RR
2566. may result ill interferiD, lipala It the receiver input of 1tali0lll ill .... 'bed Service. 'I"be IibrIibood ....
these interfereDce levels exceed accep&able level. may be diffenDt for JeOICIdODUY aDdDOD~ ...mte
aetworb. This interf.-ee mem.iam is system specific (for both FS _ NSS) _ CIa belt be Iddrm u' eturiDa
coordiDatiOD. (To elimiDale the Deed to coordinate with other Idmilliltratioas. it is Idvillble tbat .... MSSIRDSS
IpICeCfIft tnasmiUiOD DOt exceed the interDltioaal PFD limit.)

4.3 SbariDa Betw.n MSSIRDSS and the Radio Lotatioa Serrice ia the MO.S-25M MHz ....

IWG3 IUIDIDIri.zeI the avlilable frequeDCy auipmeDt infol'lDatioa '" rIdio IoCIIioD .,... dill ....
opera&iDa or capable of operIIiq ill the 2483.5-2500 MHz bud. Tbe _io locItioD III'Yice is domIIdcIU.y
I1located in dIiabad oaly for JOVII1IIDeIlt UIe oa a DOD-iIlterferiD. buis (fooIDote US 41)._ 10 ill..... from
U.S. radio 1000000a I)'ItemI i. DOt ID iIIue.

No_,...were provided to ....tify the Ibarin. constraiDtI aeeded for protedioIl ofaKJbiIe .....
from forei... ndio Iocatioa numi..... Bued OD aui..._ ill the IDtenIaIioaal F.....-cY Lilt die
coordiaatioa diltlDCel for mobile euth 1tati0lll operatiD. in the 2483.5-2500 MHz.... opentor coordi"w.a will
be aeeded to detenDiDe the pc*DtiaIleveII of iDterfeIence 110m fonIiJDItatiou opeaIiDa iD 1IIdioIocItiaa-.vice
_ to ... protectioo from dae 1tItiOIII. The sao km aDd 1000 km coordiDIIiaa di ill ...... 46
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pertain. For protectioa of mobile III1b statioa operatioas ia or over the U.S. IDd abroad, c:oordiDatioa will be
Deeded with Caaada ad.Fraace. (St. Pierre II. Miquelon)

4.5 lat8ference from MSSIRDSS Satellite to Radiolocadon RecIi....

No .....y.. of the poteatial iaterfereace from MSSIRDSS ....Ill_ to l'IIdioiocatioa ftlCIiv.-. ,....
provided. However, it is .-uble tbat the PFO coaatraiDti Deeded to protect the fixed ..-vice 1110 wiIlldequately
proaict ltatioaa ia the l'IIdiolocatioa ..-vice, iDeludia, 1tati0Dl opentiq UDder footDote US 41. CoordiIIIaioa could
be required in the event that the RR 2566 PFD tbresbolds are exceeded.

4.' Sharina Between MSSIRDSS in the %483.5-2500 MHz Band and the Fixed- and Broadcastina­
Satellite Serrices Abon 2500 MHz

SI*HO-Eutb liDks operatill, in the 2500-2655 MHz band are -abject to the PPO liIIIitI of RR 2562, ud
the PPO of__ODS falliDa ill tbe 2483.5-2500 MHz a-d CIIl be..... to be y IawIr ....... RR
2562 1eveI1. Tb.., altboulb the PPO allowed UDder RR 2S62 is up to 5 dB RR 2566 PFD
tbreIbold for MSSIRDSS I)'''' ia tbe 2483.5-2500MHz band, it ca ~ IIIIioI
will ....t from tbia IIdjaceat band 1bariDa. Moreover, iD order to 1ICC01IUDOd MSS < BartIa) " ••• ia
the 2500-2520 MHz bud at WARC-92, npreeeGtativ. oftbe AnbIat ad IDIat orpDiJatioaI dIat............
Earth liDb above 2500 MHz -peed to Nltrict their usaae of the 2500-2520 MHz a-d. 11IuI, Id~t band
iDterfeteace from downIiDb operatiDi above 2500 MHz is expected to be at ICCepIabIe levels.

4." Sbarina with MMDSIlTFS

The ITFSIMMDS services use twenty-ei,bt 6-MHz cbaDDell iD the 2500-2686 MHz bIDd. ,.... IOMIt
cbuDel, AI, il coatiJUOus to the MSS doWDliDk buu:I and the DOlt IIdjlC:lGt obIaDel, B1, wIaidI occupi•• tbe c+ennel
exteadin. from 2506 to 2512 MHz. TrlDllDilSioas .... utUally similar to .. of bnJIdcIIt tIIMIioD, 1'beIe
traalmiuioas may be chaDpd from NTSC to diaital ia the ..... f'utun. S.... aN typic:aJJ)' u..- ia IIIIIOW
borizoatal olDDiditectioaal or cardioid pattems with maximum e.i.r.p•• of +33 c1BW (for oaU ) to +39
dBW (for directioaaJ pUterDI). Adj.ceot cbannelstypically traDlmit UIiaa altenlatiDa bori.IcMdaIlBd verticallialar
poIarizatioas. Co-cbaaDelad IIdj.ceot-dlaDDel ltatiODS are aomiDaUy .......... byat'" 50 ...... with a ....01
IbowiDa required for shorter iDterfeteace splCin,. Details concel'Di.Da the out-of-blDd filteriD, nqun.a.tI for aa
ITFS cbaDDeJ are aoaIyzed ia IWG2-?

They are permitted trIDImitter powers of 10-100 W ad typically use 50 W. They ....... oami or
cardioid aateaDu with pias betWMlI0 dB aud 17 dB. Thus the e.i.r.p•• vary from 20 c1BW to 37 dBW with 30
dBW beiDa common. 1'be8e e.i.r.p.s compete with similar e.i.r.p. levels in ......ft at diltaDc:el of aRJUDd 1000
km. or more. Thus MMOS at ODe km. yields _ PFO of -72 dBWlur-4tHz which is 70 dB hiaher tbIIlthe muimum
lipal from lDy of the MSS dowDliDka. The current FCC requirelMDti call for out-of-tud .....ou ia tbeIe
IerVices to be reItrictId to -60 dB. This il inldequate. Restrictiou OIl out of bMd ...illioal from dae lowell
cbaDael should be limited to - 90 dB, _min, the channel is operatin. at 30 dBW. Adj__tllbould be made
for the other eNnnellad for hiaher or lower operatin, e.i.r.p.•• Even &bi. requiremeat would I_ve a lODe of
lODIfltbia.leu tbaa 1.0 bo. arouad aa ITFS traasmitter in which _ mobile IiIrIDiDal ill die MSS will be iDterfered
with lII'iouIly. Note tbIt ..... aN about 500 such stations in the U.S. aDd tbey are aonaaUy ia .....-opoIitaD aud
IUhurbu UIU wbere opentioa of MSS termiDals will be clesinble.~ from out-of· .... eIIIiIIiODI iD
the MSS to the ITFS will be .aible for the .... reuoDS in reverie.

MMDS/lTPS/OFS operaton CaD improve supp-mon out-of-blDd emillioaa to -90., at 1498.75 Mhz u
propoled by MSS WG2, by pI8ciDa _ Ibarp-cutoff wavepide filter ud ODe OJ' more dinctioaaJ iIoIaton betweeD
tllDlmiuer ud aateaDa, aad placiD, _ ......._y~nectioa filter before dae fiaaJ IIIIpIifier of die InDIIDitter.
Becluse the Ibarp-cutoff filter will waste power. the operator likely will Deed to raiJe the output power of the fiDal
amplifier.
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Por today'. _OM. wbicb emit NTSC lipal•• the COIl per llltioa for the iJIIpIov-, of IUI'P'-.ioo
deIired by the MSS opentorI will be from $10.000 to $30,000 or more.

Por toIDDIlOW" 1tatioaI. wbicb will emit co....-s diJital video Ii........... COIl per ltMloa Iibly will
be more; the pbue delay erron must be corrected far more carefully. So.. 1tatioaI will CODvert to diptal wiChiD
the !lUt two)'IUI; ..... we beJieve. within lbe decade.

'I1Ie COIl for &be improvemeDt of suppreuion caD be reduced appreciably if .... tIrJel frecIu-cy for -90 db
lIIppNIlIioa islbifted from 2498.75 Mhz to • sliabtly lower taIpt fnqueacy. IUCb u 2497.7 Mhz (.ateaUltioa IIope
DOt over 22 db per Mhz. u alrudy incorporated in Rules).

4.1 Impact or ISM EmissiOIUi in the 2413.5-2500 MHz Bud

'I1Ie 2400-1500 MHz bIDd is allocated intematioaally by mJ footDote 752_ dollW'i-:a1ly by Part 18 of
.... ComIIIiIlioD Ilul. for \lie by lDdustrial. ScilDtific IDd Medical (ISM) 1ppIicIIiaaI.

ISM _ iDdude microwave OYIGS. door opeaerI, hip r..qu.cy U .,... iDduIIriII equipaIeDt
_ otMr low powered clevie. IUCb u wireI.. commuoicatioa deviceI. It it tbere .. over 10
miIlioa microwave OYIDI cumatly in operation in the Uaited StaIeI, with over 200 millioa microwave OYIDI

worldwide. lDdustriai equip_to hip efficiency li,htin, systems"1Dd wireI.. COIIIIIIUaieatioas clevie. (e.,., R­
LAN's) are aIJo iDcreuin, tbe \lie of tbe ISM band in the United StaIeIlDd 1broId.

'I1Ie NTlA tecbDic:al memoraadum No. 92-1S4,ives the ....u of ............ tbat Ibow emiIIiou It
2410 MHz avenaiDllbout - 60 dBlD (into. 2.5 dB receiver aateaM) in • 300 kHz badwiddlit • diltlDce of 3.0
....... TbiI wu aD averaae fipre for four oyens. The ndillioa wu jlaedly iIotropic with, perbapI, a 10 dBhi'" IIIIPIitude toward the froGt of the OVID. Prewmably this wu beca". of I..... UOUDd tbe doone 'Ibis
c. be coavMed to aa equivallDt of ·141 dBW/m2/4 kHz It • dilitllaCe of 3.0 kID. <_lDin, ,.. IpICe

propIIAtioa), which is comparable to the received satellite sipal. The liauatioa is probably .... at this diltlnCe
becau. of the ....... tb&D free IpICe loss to be expected. In Idditioa microwave OY_ opena indoon aDd
tbere will DOrmally be IOIDI buildin, bloc:ka,e. Nonetheless, the NTIA u ....... dIIllllicrowave
OYIDI _y cau. interfenDce to MSS mobile terminals opentin, in at least the lower part of the bind within, .y,
• cJ... 1.0 kill. of aD operUin, OYID. Fortunately most microwave OYIGS operate on • low duty cycle. It_
u if 10.. FCC reltriction on the baud usa,e and leaka,e ndiltion for microwave ovens is very much in order.
ThiI is the IUbject of ET Docket , 91·313 which Iddresses banDoaization of Part 18 of the FCC ruIeI with
interaItioaaIlt8darda for ISM equip_to It may not be pnctic:al to do aaythiDJ about the exiICin, equipmeats,
but they baYe finite IiflWDel aad IIIOIt will be replaced within 10 y..... The npl....t equi,...t IIIUIt be held
to narrower tuclwidtbl aad hi'" ItIndarda of in band leaka,e.

AlIO of coecern .,. microwave powend ultraviolet lamps which .,. in incnuina induItriaI.... They
typic:alJy _ 24 kW blab of ...... IDCI radiate. accordin, to the rouab calculatioas of the FuliOQ S,-.s Corp.
about 35 W. Some publilMd spectra Ibow that they occupy the IDtire 2400-1500 MHz bad, beiDa pedaapl20 dB
dowa at tbe .,.. If the IWG2 _mes that they occupy about SO MHz uaiformly, IDd that the .....on is
with the foutth power of the distance. we Jet about • half kilometer zone in which die ISM iDterfenace will be
equal to the ....au. Ii". Apia, it _ that Itrin,enl restrictioaa OQ the occupied budwidth for .... DeW

induIeriaIl)'IteB. aIoaa with Waill oa die I.... radiation, must be inltituted by the PCC for new equipmmt.

"'1.1 ISM Emitters Effect on Noise in the 2G3.5-2500 MHz .....

NTIA 0CDhcted .. in 1991 to determine the feasibility of JICCOIDIDOdatin, GIber .....lite ndio
..w. in the 2300-2450 MHz bIad. T'beee feltS also included ............u up to 2600 MHz.
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The ___.ta iDcluded COIIIpOIite It 1ouIder. CoIonIdo ..........iII ...
overlookiDa the city. The popuIatioa of Boulder is lppI'OXimItely 90.000 people. n. purpaII of ......
...........ta wu to the equival.t EIRP ofebe ISM .YiIn8nt ia 1auIdIr. n.tal II e BIRP .....
ebe diltributed wu c.lcuIated by coI1ectia, die toeaI poMI' "'1IoIdof OICiUoIOope, die
diltributed emitten IIId die powwt of ...... emiaer wauId pcMW of dilduMd
...... Tbe EIRP from the C08C*ltnticD of lipifieut IOUI'CII ill. val. of 29 ... 30
dBm at 2450 MHz. TbeIe.DtuDben corlllpODd to '*'"- 24 IIId 25 dB. It 2413.5-2500 M Hz. The NTIA
report dMa proceeded to ........ Ihat a IIIUimum pelt EIRP of 1 WII& to tile 1SM
.~tiDBou1der. Itfurtbet_lDedllaat...the...,...· siDM _ ......
lipallevel would probably be 12 dB below the aauilDUm EIRP. EatnpoledD, tbe N11A data to dUll.. the
DOi. from ISM emitters iD the bud 2483.5-2500 MHz aDd lddiD, Ul extra 5 dB of IIIU'IiD ItilI ....ta ia...
EIRP of between -17 Uld -18 dBW.

Tbe equivueat iDterfenac:e lipal power ill ebe 2483.5-2500 MHz bIad CIIl be cIItenDiDed II foUowI:

!PPD - EIRP(......) - A - R

wbere:

IPPD - &aillllted a\WIF power flu deality

of iDterferia, lipal

A - Ana lIeD by the UlteDDa (upalDed to be

about 49 square kilometers or 76.9 dB)

R - Ratio of 30 kHz to 4 kHz - I.' dB

!PPD - -17 -76.9 - 8.8 - -102.7 dBW/m4kHz.

Ie-!PFD-O-S

wbere:

o - Gaia of. 1 JqUaI'e ........... at

2.5 OHz (29.4 dB)

5 - 10 Loa (4kHz) - 36.0 dB

Ie - -102.7 - 29.4 - 36.0 - -168.1 dBWIHz

Aeami.., a typical M55 reoei~ baa a DOiIe temperature 0'250dear- Kelvia. dae... ftoarofdae NOliWI' eN.>

wouIcl be -204.6 clBW1Hz.
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11IuI. the avenae iIlterfinDc:e pow.- from ISM dIviceI 00IIIpanMl to DOiIe ia:

Ie - He • -161.1 + 204.6 • 36.S dB.

11Ii. UDOUDt of.....t ill..".... is IipificaDtlyabove dae .... DOiae 800r ofa a,picII MSS NCliwr ill the
2413.5-2500 MHz bud. TIIus. tU iIlterfentDc:e eould reduce MSS C81*ity ia A"'y ..... dIIII
the NTIA WIll IIIIde (GeoItar-I913) Ibat auaeat a 1_ .meNs problem. It for CJeoIW .-vice
at daat tilDe .... wbm oaly 10 aUUioD microwave ov-.. IO.wiaa "'y. Tbe
GeoItar lbIdy WIll ClD ~ty Ibat the GeoItar RDSS witfIia .. .-off
tiIDiDa cycle (80") of tbe - ill a 1iD.1e microwave OVID. n. Ibis MllyU ia IIOlIppIicIbIe to the
CODtiDuoua wave MSS ill tbe ..,.,.,. microwave eDvil'oameDt.

TIle IW02 loeb forward to furtber studies IDd aaalyais directed towud the MSS.

Tbere are IeYeI'aI poaible IDICboda of mitiptiDJ ISM ......_ ill .... bIad. .... of....
1DIltboda. howeYer. offen a complete IOlutiOD to the problem.

SuppreIIioe of ISM emi.iou does Dot appear to be alibly IOIuIioa ill tbe IIIort Jiwa tile
extealive \lie of the bead for ISM Ipplicatioaa. ID the loa. term the PCC could CODIidIr tiP itI etjcw

for occupied beDdwidth IDd .....

TIle IJurIIIy of IDicIowave O\WI emi'" a ,.,..ail' b 10 IIIiIiI 0
the effects of iIlterferiD.Ii Such Ii.... PJOC*IiDJ. boweYer .-vwaa 1iIIi .......
(i) reduced -.itivity of the MSS "'ven. (0) difficulties ill pn1 c , '., out the NIIdwIy IUP ISM.1 -&r...
level•• IDd (iii) the fact that DO ODe lipal proceaiD. lOIutioo ClID eli... tbe various ....._ ......

1DcreuiD. the power per cbIDaeI of the MSS dowDIiak to CftIl'COlDl ISM .....iq poww would
IUbltlDtialIy reduce the ovenU ayIteID ClplCity ofIY_ llbariq 00 ID iDIerfweace buiI, IDd ia odIerwiIIlimi1ed
by die PPO coordiaatioo tri.... for protectiD. fiud services ill the ......

MSS BY- could decide to avoid dIoae .... with iii'" IIIIbiIIIt ISM DOiII. Tbilmipt be
ICCOmplilbed by UIiDJ dual mode _ t8nDiDa1l which would operate ill tbe 1er....iaI cellular mode ill urbID ....
IDd ill the MSS mode ill remote UDpopuIated .....

.....3 SIIariJw with the ISM

TIle coaducted by NTIA nveIl that, ill a c:uaJlttiw.mrc-t y be a
IipifictDt ISM iDted_ ftoor ill populated.... Aay MSS _ ...... opIIIIIiq ill y
experieace varyiqlevels of cu ve iIlterfenac:e exceediD, the ...... DOiII of tbe "wr. Tbe 1W02...
tbat the 0e0IIar saudy WIll ClOTIduct8d ill 1983 wbea theN... 10 IIIiIIioa DcIuwaw CWWII 00IIIpanMl to 10 IIIiI1ioa
microwave ov.. today. which produced lOme data that are diffaoat from tbe NTIA 11Udy.

TbiI problem illibly to iDcI'IIIe. men IDd .-ISM~...die.......ae AIIo the
types of u.a.t'InDce wiD ....an eIi.- • eliffaoat types of _ beco.- praw-'

T'bIredo _ ...... to be.y .........lOIutiaa1to~ISM"I~c6Ir""IbrUSS
I)'IteIDI to avoid .m.a,..__ wilb JUp ISM UII (e.I.• IDDIt urt. ....).
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McordiDaly. MIS dowDliat trIDIIDilliaal iD ... 2483.,.2500 MHz .....y .. IimiIIId eo
......y populated anu. Ev. dowDliDb iD tbeIe .....y populated anu may aperieace iIiterf.-ce vuyiq
by locatioa aDd tilDe.

5.8 Potential SbarinI Solutions

5.1 Proposed Uplink SbarinI Solutions

MSS system opetatora IbouJd be able to avoid L-bIad ~ to tIIoir ... by
employiD, protectioa zooes U'OUDd aiJtiq lised letYicealocati~. ID ..wilioa MSS appIicaatI wiD ..able
to avoid iDterfereace by uaiq urrow bIDd tnIIIIIIiIIioaI aDd altenlative rr.qu.cieI ia oownae anu ...... odIer
.mcea are operatiq in fomp couatriel.

MSS operUon -.ad be able to coord..MSS upIiIb willa fbnip 2 3 1 • 2 RliaMIJy ..
to ICCIpt a protecUoa lODe ..fficieat to protect ID ....., poiIIt-to-poiat PiMd s.m.. .,U NOli ....
.. able to obtain • positiOD IipIl from .... lIIeUite to avoid tnDImilliaal iD ..... proeacdoa_. If1M"'"
i. within the protectioa lODe. pofatial iDterfereace could be avoided by eidIer CIIIiq In......... or by CIpIIIIdq
iD a frequeDcy oot UIed by the Fixed Service operator.

PIopoIed MSS~ operatiDa dowDliDb iD L-IIIad IIlauId to a¥Gid,a' %'
iDterfersace iDto the few IYIfeIDI opeI'ItiD, iD other .w. by -.ow ... tr-ms .....
frequeDci. iD cov.... anu wbere lUCIa letYicea are beiDa UIId by tonip IdaIiDiIInIioaI MSS 1)1' B' _ ....
nly upoa the DeW iDterDatiODal DOtifieatioD IDd coordiaatioaprocecIuNI......WARC-92 to w-dfy ....
particular sbariD, aad interfenDce CODcerDI of other admiDillntiou.

5.2.1 International Coordination Under .esoIutioa •

At WARC-92. ID interim mechanism walllablillled for DOIifyiDJ IDd~ LBO I2IIIUiIa
sy..._ with other admiDistratiODS. 'I'beIe procedures are let forth ia rru a-oIutioa 46.... -.ay IBin'or ....
aisIiD, naI. for poItatioaary IIte11ite systems. rru Fa 731Y IpIlCifiealJy ........... ,...... 10 .... MIS
dowDliDk:

The UIe of the bIDd 1613.8-1626.S MHz by the IDObiIe 1IIIUite.me.( &Itb)
illUbject to the applieatioa of the coordiDatioa IDCI DOtificMiaa lit foI'da ia
ReIolutioa 46.

UDder tbeIe coordiDatioawith other _1IIiaiIIntioaI wiD be ICclllDPli d by ....
publieatioa of~ 3 DOtifiCltioa from other admiDiltralioal ........ iD 0001 ....

-cbIDae of iDfonDIIioD betw.- MmiDillntioas. aad the~tof a pIaD to avoid iDIa to .......
.. of abe -...s.

5.2.1.1 ~witbS,.... ......... Sa...

Coon:IiDaCic. widl .,-opeI'ItiD, iD fixed .... oouId .. IIIc_i* •by • • tv of
_. ""'i"l upoD of.,... iD ,........., .., ..........
For ....... ia IiPt of nlltiwly ... fixed .me. IIIoaItM (CMr 100 MIIz). iI.., pII,'-"1O .".
..... 1)'IteIIII ouIIide .... affected bIDd (l.-dlaD 13 MHz). Iatei.... oouId .... lie avoided ,..., IICY

IIility in the M55 dowDliDk traIIDillioal by lllectiD, f'req-.ciel iD CII1IiD .,. bela DOl 10~.
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,
willl die fixed .-vice tyReal. It ..y 1110 be "-ble to avoid IpIICiftc ..,1IIPIaiC IocIIiaaI by ClClIdI'OIIiq ....
dOWD1iDt IpOt beIm coveraae.

5.%.1.2 CoanIMdoa wlCIa ROSS SJIIIIDI

Future RDSS ,)'ItemS could be coordiDated willl MSS dowDIiab ill .... __ Ibat
Motorol.',IRIDJUMW syltem was aboWD to Ibare with Oeostar', pllllaed ayatam. IIIJIWP 6A -Slluiq....
LEO IDd OEO ay... ill abe RDSS. !lAS. RNS IDd APe ..-v_ ill .... viciDity of 1.6 OBI- (Mardl. 1991).

5.2.1.3 Coordination with Swedish Radar

Motorola reported that u put ofthe teebDical dilcullioalduriaa WARC-92. COIIIIpIIIibility.....
IRIDJUMW ayItem upliDk IDd dowDliDk MSS traaamillioaa IDd .... SMdiIb IIdar I)'It.al d by
IDIIDben of die U.S. IDd Swedilb deleptioas. Members of boda deI.I"ioaI CCD:Iuded IRIDJUMW.,-
would _ .....with daiI ...... tyIteaI. It caD be expected diet ......... dilevlli.. will ..- .......t
of .... iDIenIIIioaaI coordiDItioa pIOC*a.

Sev. of .... ei,bt NATO European couatrill'" .... 1610-1626.5 MHz '-d tar • ...,
comawaic:atiou have receatly iDdicatecl that they wiD witbclraw fioID .. of daiI '-d Ware MSS CIpII'IIIimII
com.....,.. 1he Oenaaa JOY-t i' the oaIy boldout; however. U.S.~ ia to~'"'-d
by October 1.1993. IfDeCCI rry. MSSay_wouIdcoonliDatetbeirclowDlirlt i wiIb
rru ReIolutioD 46. 1he .... tec:brIicI'* for 1bariD, willl oIber fixed ....... cauId be IIppIied to 1FEiIia.y .,. •
uwell.

'.0 Lilt 01 Partici....ts

W. L. Pritdwd • 0IairrDID (LQSS)
R.E. WeibIiD • CELSAT
L. Taylor • LQSS
Tom SullivaD • AMSC
Jolm XDudIeo • MOTOROLA
Hany N, • FCC
Alfred Mlmlet • MOfOROLA
Pbilip Malet • MOTOROLA
a.an. WiDdeU • LQSS
Raul Roclripez • TRW
Steve Buw:b • TRW

7.' Meed. Dat8 • 1WG2C ...... ScIIeduIe

MardI 10. 1993 • Room 7315. FCC
MardI 11,1993 - Room 156. FCC
MardI 19. 1993 - Itoaaa 7315. FCC
Man:h 22. 1993 • Steptoe & JobDIoa
Man:h 24. 1993 • Room 156, FCC

See aIIo~ of 1.orI1 QuWornrn SltlUite ServiceI. IDe. OIl SbIriDa willlISM.
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Addendum to MSSAC-42.6

(Drafting Group 2C Report)

Addendum to Report of Drafting Group 2C I

Sharing with Services other than ARMS aDd RIB (April 6, 1993)

Submitted RY I LorAl CUAlcn- Satellite S,ryie's, IDe.

Supported by I TRW Inc., EllipsAt COrPOration and CoDlltellation
COJIIIIluniCAtioDII, Inc.

The DrAfting Group 2C Report of IWG-2 containa languap in
Section 4.8 which sugg.sts that lCSS downlink transaissioDII in the
2483.5-2500 MHz band aay not be feasible in urban areas and ..y
experience interferenc, even in sparsely populated area.. LQSS
acknowledges that ISH interference exists, but does not agree with
the conclusion thAt it represents a si9Dificant probl_ to .S aDd
that operation in only sparsely populated areas ..y be possibl••

First, it must be noted that the stat...nts in Section 4.8
Are bAsed upon an H'l'IA study, which WAS concerned with use of the
2483.5-2500 MHz band for lISS uplinks, not US downlinks.
Therefore, the N'l'IA results and conclusions ..y not be clirectly
Applicable to US downlink operationa,

Second, the meAsurements conducted by MIA indicate that
there may be A cumulAtive environment ISH interference in urban
areAS. However, due to the limited testing aDd the configuration
of the test, with respect to operAtion of US systems, the study
cannot be deemed conclusive. US user terminals operAting in such
areAS may experience VArying levels of cumulative interference
which may under certain circumstAnces exceed the thermal noise of
the receiver.

Moreover, there Are severAl mitigAting effects which may
reduce or eliminate the interference when operating in ArIAS where
there are concentrAtions of ISM devices. These aitigating effects
Are I shadowing and blocking, MBS Antenna patt.rns which reject ISK
signAls arriving most of the time at 0 degree elevation Angles,
and the ability of the COMA link by link power control factor to
overcome interference.

Shldowing & Blocking

The GlobAlstar MIS user antenna pattern will provide
significant rejection to interfering signals that are received in
the horizontal direction. For tho.e users operating in urban
areas, the additional path loss from horizontAl soure.s, such as
microwave ovens, will be significant due to the walls of the
building in which the ISM interfering souree is housed, plus
shadowing due to tree., blockage f~ builc:linp, etc. ~his

blockage was not accounted for in the ftIA study. Vogel'.
analysis of bUilding penetration path lOIS indicates that 16 dB 1s
A typical VAlue At 2.4 GHz. Urban pAth 10•• At ranges of 300 • or
more CAn be expected to be on the order of 40 dB or IRQre higher



than free space loss depending upon distance frca the racUating
source.

HIS AnteDnA Patterns

Significant rejection to interfering slgDalsthat are
received in the horizontal direction can be achieved by the
Globalstar XES uaer antenna pattern. For those users operating on
hillsides overlooking urban areas, such as Boulder, CO, in the
NTIA study, the MES antenna aidelobe rejection in the direction of
potential interference is a9ain sipificant.ly .i.Dcreased OD the
order of over 20 dB frca t.he path of the de8Jzecl Globalstar
signal. Therefore, the expected int.erferin9 sigDal level at. the
MBS receiver input is expected t.o be slpiflcant.ly reducecl frca
the extrapolated interferin9 powr fl1m cs..it.y l."els ..ed upon
the I1TIA study.

COMA POwer Control

The Globalstar system incorporates COMA which ia an excellent
spread spectrum technique for miti9atin9 interferin9 signals.
Should a Globalstar MBS user operat.e in a hi9h ISH interference
area, the Globalstar system can incr_e the sao-r in the
satellite downlink S-Band signal to that. particular user via the
closed loop power control caPability under the c.g end of the
Globalstar Gateway. Over 10 dB of forward path power control is
available while still reaainin9 within the constraints of the
S-Band spectral power flux density l1a1ts. Since ..ny users
occupy the same RF channel, increasing the power to one user cioes
not significantly increase the total power and PPD within the
channel.

The Globalstar noise floor is equivalent to a PPD of about
-140 dBW/m2/4 kHz. This is approxuaately the average interference
value in paragraph 4.8 of the Draftin9 Group C report based upon
data at 2480 MHz from several microwave oveu in the II'1'IA report.
In reviewing the N'lIA data for the_ ovens, it appears that the
average emission density over the 2483.5 to 2500 KHz band would be
20 dB lower or -162 dBW/m2/4 kHz which is 22 dB below the
Globalstar noise floor. The Globalatar ayst.. is well equipped to
operate in this type of environment. As _ntioned previously the
Globalstar COMA technique 1s well suited to counter not only
interference from other MBS satellites, but also interference from
the ISH band.

Interfering Power Flux Pensity Calculation

saaed upon theae aitigatin9 factora, an JIBS user located in
an urban area and 300 • froa a signal mcravave oven could eapect
an interfering power flux density (IPl'D) ofl
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IPPO • PPO at 3 Jcm + D - PL - UPLP

where PPD at 3 km equals -141 dBN/.2/4kBa

O. free space loss reduction due to decreased distaaee
or 20 dB

PL = building penetration loss of 16 dB
UPIP • urban path lo.s factor of at 1.at 40 dB.

IPPO = -141 + 20 - 16 - 40 • -177 dBW/m2/4 kH.

This is 37 dB below the G10balstar noi.e floor. Even with .any
IDicrowave ovens operating, this should not pre.ent a probl_ in
urban areas.

For the case of an MES u.er operating on. a hillside near an
urban area.c. the expected interfering flux delUlity of nOlllnally
-103 dBW/m~/4 kHz (as mentioned in Paragraph 4.8.1) can be
expected to be overcome by at least 20 dB of antenna rejection.
The operator can ~prove this ratio by optimizing the orientation
of the user handset. The Globalstar power control will also allow
for at least 10 dB of additional downlink u.er power to overca.e
the interference. Nominally 12 dB of propagation los. due to
foliage can be expected. Therefore, the caaposite interference is
expected to be less than the Globalstar noise floor which is
easily accommodated by the COMA.

Conclusions on Sharing with the ISM

MES user terminals may operate in rural areas and thereby not
be affected by cumulative ISM interference. For the occasional
t~e that the MES terminal is located near a microwave oven vben
it is operating, the location of the user with resPect to the ISH
device is ~portant. The input sicplAl, in this case, to the JIBS
will be mitigated by the MES antenna pattern and .hadowing and
blocking to about 20 db or more depending on the distance froa the
radiating source. In any case, should the interference be over
the threshold both the power control and the path diversity
combining gain will be used to IDitigate the interference.

MES user terminals operating in suburban and urban areas and
may experience some effect of cumulative interference. Since the
shadowing and blocking of near zero elevation angle into the MES
antenna is severe, and since the antenna pattern will reject
horizontal interference, it is not expected to produce ..-ningful
interference. MES user terminals operating on .ountain areas
overlooking urban areas, such as Boulder, Colorado, the illS
antenna rejection of potential interference is also .ignificantly
increased over the desired Globalstar signal.

To the extent that there may be any interference fraa ISK
there is also potential for dual mode operation using terrestrial
cellular systems.

- 3 -



The potential interference frca 11K device., .. 110ft of the••
devices are deployed may increase. Purther .tucl1e. on level. of
~••ioll8 under various conc:litiou .hould be coDdw::t:eel ill oDier to
determine if additional _a.ure. of protection for the 8S.~
are required.

An AlterDAt.a M,lni. M'1ICi 9P aIA StUAy

A somewhat different analysi., also ba.ed on the IftIA .tudy, can
lead to the conclusion that ISH will not be a probl_ in the 8S.
We .tart with an av.rage out-of-band eatssion figure of -60 d8Il (4
ov.ns in Pig 3.1 of study averaged at 2480 JIIIz), -.uec:l at a
distance of 3.0 m, in a 300 kHz bandwidth, and with a te.t antenna
gain of 2.5 dBi. The flux d.uity given bY such a _uu.ent is
translatable into our t.rae, ~ly dBW/.2:4 kBs by the equation

f • C-Gr +G1m2-10 Log (300/4)

~ - -60-30-2.5+29.25-18.75

+- -82 dBW/.2_4 kHz

At a distance of 300 • this tranelates, a••Ulling free .pac.
propagation, into -122 dBW/.2 -4kHz and at 3 ka into a value of
-142 dBW/m2 -4 kHz. .

In the reception of signals by an MES th.re are many factors that
will serve to reduce this level of int.rference. A good DS
antenna will be designed to have substantial rejection for
horizontally propagated signals since it i. d••igned to look
upward at high elevation angles. Thi••ide lobe rejection can be
the order of -20 dB in some ca.es and probably will average at
least -10 dB. Building blockage (PL) can account for anotber 16
dB (according to Vogel) and urban path 10.... can be .ignificantly
in excess of the free space values (tJPLF). This factor should be
at least 40 dB. Under these circUDI8tances the interference flux
density is given by

~ • ~ (free space) - PL - UPLP

~ • -122-16-40

• • -178 dBW/.2 -4 kHz

This is well below the noise floor for any XIS receiver operating
at the prescribed flux density of -142 clBW/.2 -4 kHz. ....
allowing for interference froa a nUlber of avena operating
s1aultaneously there should be no trouble.
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ANNEX 3

MSSAC-43.10(Rev. 1)
April 6, 1993

..PORT or WOUIRG GaDUP 3 IfO ".
KlS ABOW 1 Gaz DGO'IUTKD llUTeW&KIRG COIIIIIUK

Steven W. Lett, Coordinator, Working Group 3

(Note: All section numbers begin with 4 or 5. Section numbering
system parallels that of the Report of the MSS Above 1 GHz
Negotiated Rulemaking Working Group.)

4.1 re.der Li,Ak lePRi,rM'Pt. , Calleral.
Gep.tati,PAary'WPA-qep.tati,ppazy "ari,pg
Si,tS'ti,PD, aAd tot- r p'ti,PDa1 Cpprdi,p'ti,pp
Oh1i,gati,PAa

As specified in the Work Program for the MSS Above 1 GHz
Negotiated Rulemaking Working Group (MSSAC-4 (Rev. 1», Working
Group 3 examined the feeder link requirements of the proponents of
satellite systems that would provide NSS and ROSS services in the
1610-1626.5 MHz and 2483.5-2500 MHz bands. The Working Group's
efforts included an attempt both to identify available frequencies
and to show how the new feeder link operations could share the
identified frequencies with existing and future users of the
subject bands.

Technical and regulatory issues affecting both MSS/RDSS
system feeder link operations and the proposal of one applicant to
utilize frequencies in the 23 GHz band for inter-satellite link
operations were explored, and the findings are presented below.
In addition, Working Group 3 addressed the question of how to
implement in the Commission's rules the provisions of
International Telecommunication Union ("ITU") Radio Regulation No.
2613 ("RR 2613"), as this regulation applies to non-geostationary
systems that intend to use the fixed-satellite service ("FSS")
frequency allocations for their feeder link operations. Included
in this examination was a generalized overview of the
international coordination obligations that must be met by non­
geostationary NSS system operators with respect to the FSS, and a
detailed analysis of the obligations imposed upon non­
geostationary space station operators by RR 2613 with respect to
geostationary FSS space systems. Working Group 3 also identified
a number of factors relevant to frequency sharing between non­
geostationary MSS system feeder links and ~eostationary satellite
system operations that apply irrespective of the frequency band
involved.
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4.1.1

The preferred frequency bands identified for feeder link
operations by the applicants and potential applicants (AeA IWG3-2
(Rev. 2) and IWG3-20) are depicted in Table 4.1.1 below •

••QOIUD ......UD nm»_ LIB MIlD.
A••LICAR., aumWID.,. I. JIU,.,......&CI: ••&CI:-~

DCB DIUC.,IO.* (2:. -.)

AMSC TBD 14.0-14.5 11. 7-12.2

CELSAT 150 MHz 29.825-29.975 20.025-20.175

CONSTELLATION 66 MHz** 6.5250-6.5910 5.150-5.216
(ARIES)

ELLIPSAT 66 MHz** 6.452-6.725 5.150-5.216
(ELLIPSOl

LOSS 66 MHz** 6.4840-6.5415 5.1585-5.2160
(GLOBALSTAR)

MOTOROLA*** 12 x 7.5 MHz 29.1-29.3 19.4-19.6
(IRIDIUM)

TRW 101 MHz 29.5-30 19.7-20.2
(ODYSSEY)

* The greater the amount of spectrum that is available for the
applicants' feeder link operations, the more channels of
capacity their systems will be able to offer.

** Includesguardbands. Orthoqonal polarizations will be used
by each system within the 66 MHz bandwidth

*** Motorola has also requested 200 MHz in the band 23.18-23.38
GHz (8 x 25 MHz) for intersatellite link operations

The use of frequencies in the 5 GHz and 6 GHz band FSS
allocations as feeder links is preferred by several of the
applicants. The system desiqns of theae applicants ie such that
the use of frequencies in this ranqe for feeder links ca.plements
various other features of their system proposals, including the
use of relatively low coat feeder link earth atations that would
be resistant to propagation factors. C-Band feeder links allow
these applicants to use well-established technoloqy in a band
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where propagation factors do not result in significant cost impact
on the system and where continuous service can be provided with a
minimum of coordination domestically and internationally.

Other applicants have specified use of FSS allocations in the
20/30 GHz range. Among the reasons identified by these applicants
for selection of Ka-Band feeder links are: the availability of
spectrum in an existing FSS band; the relative ease of
coordination between non-geostationary and geostationary FSS
systems; the opportunity for greater feeder link bandwidth; the
opportunity to utilize satellite antennas that will result in
narrower beams that will reduce interference and make coordination
easier; and the fact that most other users of the spectrum are
fixed. Systems that operate in medium Earth orbit or that use
intersatellite links are able to gain these benefits while
covering the United States with fewer gateway stations.

4.1.2

4.1.2.1

'pp-qep.tat1ppary Mll/lpaa a'aFipg litpatipR
Mith qep.tatippary Satellite letyprk.

JptrpdustiPP

In a fixed-satellite service ("FSS") environment consisting
of both geostationary-satellite-orbit ("GSO") satellite networks
and low-Earth-orbit ("LEO") satellite systems, there will be times
when the alignment of earth stations and satellites produces a
coupling that could cause interference to one or both systems.
The points of maximum coupling occur when the earth station of one
system is pointed at the satellite of the other system. The
geometries that produce these maximum couplings are described
below, and are depicted in Figure 4.1.2.1-1 (Cases 1-4).

Case 1 in Figure 4.1.2.1-1 depicts the potential for coupling
on the uplink transmission that occurs when the LEO satellite
is in the line from the LEO earth station to the GSO
satellite.

Case 2 in Figure 4.1.2.1-1 depicts the potential for coupling
on the uplink transmission that occurs when the .LEO satellite
is in the line from the GSO FSS earth station to the GSO
satellite.

Case 3 in Figure 4.1.2.1-1 depicts the potential for coupling
on the downlink transmission that occurs when tbe LEO
satellite is in the line from the GSO satellite to the GSO
earth station.

Case 4 in Figure 4.1.2.1-1 depicts the potential for coupling
on the downlink transmission that occurs when the LEO
satellite is in the line from the GSO FSS satellite to the
LEO earth station.
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Although this section of the report analyzes the probability
that coupling will be observed, it does not analyze the potential
interference situation that would result from such a coupling.
(SAA Sections 4.2 and 4.4 below.) The Working Group notes that
the significance of a coupling from an interference standpoint
depends on a number of variables such as emission power levels,
receiver sensitivities, antenna sizes and operational parameters,
and the duration of the coupling.

4.1.2.2 Z'e I"est 9' Di"erept LlO ,.te11ite Iptepp.
ZYRe.

For LEO satellite antennas employing a horizon-to-horizon
wide coverage pattern, the half-power-beamwidth ("BP8W") of the
horizon-to-horizon beam is 110 degrees for an orbital altitude of
1407 km. This beamwidth produces a maximum area coverage on the
surface of the Earth from the LEO constellation altitude.

For LEO satellites employing narrow beam antennas, a swath
would be produced as the satellite moves across the sky. The
width of the swath is the HPBW of the spacecraft antenna. Only
those FSS earth stations located within the swath would experience
mainbeam-to-mainbeam coupling. For example, if the HPBW is less
than 87.8 degrees, GSO FSS earth stations located at latitudes
equal to 50 degrees or higher would not be affected, since the
smallest exocentric angle is 43.9 degrees. For earth stations
located Oat latitudes lower than 30 degrees, the highest percentage
of time for mainbeam-to-mainbeam coupling is reduced from 0.045%
to 0.0067%.

A LEO satellite using a steerable spot beam illuminates a
specific geographic area on Earth where the beam is aiming. S~nce

the footprint of the spot beam remains stationary as the LEO
satellite traverses the sky, only those GSO FSS earth stations
within the footprint area would experience mainbeam-to-mainbeam
coupling. The number of affected FSS earth stations would be less
than for the narrow beam antenna cases.

4.1.2.3 '.rGeRt.u A' Zl- tv lelA ••t e11ite i' ip
t'e GIO ,.rt' .t.tiAP Aptepp. Maip ..­
lCA.e. 2 gd 3)

The coupling statistics are presented as a percentage of time
that a LEO satellite traverses the mainbeam of an earth station
antenna in a GSO FSS network. The result indicates that there
will likely be times of beam couplings. Hence, tbere is a need to
develop technical measures to facilitate frequency sbaring between
feeder links for LEO satellite systems and GSO FSS netvorks.

A study (IWG3-3) was conducted to calculate tbe percentage of
time that a LEO satellite (at 1406 km altitude in a 48-.atellite
constellation) and the GSO satellite are within the mainbeam
(e.g., HPBW) of the earth station antenna simultaneously. The
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result indicates that the percentage of time statistics for both
one-degree and four-degree HPSW earth station antennas decrease as
the earth station antenna elevation angle increases -- e.g., at an
elevation angle of 10 degrees, the percentage of time varies
between 0.018% and 0.048%; it decreases to about 0.0076% or less
at high elevation angles for the one-degree BPSW antenna.

The time it takes for a LEO satellite to traverse the
mainbeam of an FSS earth station antenna is also important. For
an FSS earth station with a one-degree HPBW at a low elevation
angle (e.g., about 10 degrees), the maximum transit time is about
15 seconds. The transit time decreases to about six seconds when
the elevation angle is increased to 45 degrees.

Other parameters such as the number of LEO satellites, the
number of orbital planes, the inclination angle, and the orbital
altitude also influence the output result. Bowever, for circular
orbit constellations with low to moderate altitude, the
conclusions are similar.

The study showed that for a 12-satellite medium Earth orbit
constellation (16,740 km orbital radius), the non-geostationary
satellite would be within two degrees of the bore-sight direction
of an FSS earth station antenna 0.22% of the time. The time it
would take a satellite in this constellation to traverse the four­
degree cone is 3 minutes and 56 seconds.

4.1.2.4 'Ate Dt!.1 Iptertereps- IptA • g'o ", .-tark

For a small percentage of time, a GSO FSS earth station, a
LEO satellite, and a GSO satellite could align in a straight line
(Figure 4.1.2.1-1, Case 3). This alignment produces a coupling
between the LEO satellite antenna and the GSO FSS earth station
antenna. Hence, there could be potential harmful interference
from a LEO satellite downlink transmission into a GSO FSS
receiving earth station if the two systems share the same
frequency. The extent of any interference to the GSO system
resulting from this coupling depends upon the gain of the LEO
earth station antenna in the direction of the GSO earth station,
which in turn is dependent upon the separation of the earth
stations and the shape of the LEO satellite beam.

For the uplink case (Figure 4.1.2.1-1, Case 1), a LEO
satellite feeder link transmitting earth station could also cauae
potentially harmful interference into the GSO FSS receiving space
station, although the extent of any interference to the GSO system
resulting from this coupling depends upon the gain of the LEO
earth station antenna and the square of the ratio of the path
links. This observation is based on the fact that the geometry is
identical whether the earth station is part of the LEO satellite
system or the GSO satellite network.
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In addition to certain LEO satellite antenna designs, LEO
feeder link site diversity and/or alternate gateways could be used
to eliminate any uplink interference into the GSO satellite
receiver. That is, another feeder link site could be used when
the geometry of the active earth station, the LEO satellite, and
the GSO sateilite is such that interference could occur.

4.1.2.5 'ote pti-1 ;rpterfez;epse ipto - LIP 'ete11ite
'¥'S;e.

For the uplink case (Figure 4.1.2.1-1, Case 2), a GSO earth
station could transmit into the LEO satellite. The extent of any
interference to the LEO system resulting from this coupling
depends on the gain of the LEO satellite antenna in the direction
of the GSO earth station, which in turn is dependent on the
separation of the earth stations and the shape of the satellite
beam. This potential problem could be minimized through LEO
antenna design or employment of alternate satellites. However,
large numbers of broadbeam GSO FSS earth terminals could create a
problem.

For the downlink case (Figure 4.1.2.1-1, Case 4), the extent
of any interference to the LEO system resulting from the coupling
of the GSO satellite and the LEO earth station depends on the gain
of the satellite antenna in the direction of the LEO earth
station, which in turn is dependent on the separation of the earth
stations and the shape of the GSO satellite beam. While small
spot beams from the GSO satellite are required to reduce this
coupling, the potential problem posed by a GSO FSS satellite
transmitting to an associated earth station can be minimized
through the use of high gain antennas at the LEO system gateway
and through the utilization of alternate satellites or gateways
when this alignment occurs.

4.1.2.6 Mp1tip1e Ilrth 't-tiop·

The above analysis is for a single earth station in a LEO
feeder link satellite system or a GSO FSS network. In a multiple
earth station environment, a simultaneous occurrence of two or
more earth station-LEO-GSO alignments is extremely small. Hence,
the aggregate beam coupling statistics would be equal to the
single earth station coupling statistics multiplied by the number
of earth stations in the system within the co-coverage area.

4.1.2.7 copslp 1 iop

Coupling between LEO satellites systems and GSO satellite
networks is likely to occur, depending· on the extent to which GSO
satellite networks exist in the frequency bands to be sbared. In
this section of the report, Working Group 3 makes no determination
on whether and when beam coupling will lead to an increased
potential for harmful interference. It also does not discuss all
possible alleviating mechanisms, such as whether the LEO system
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can be operated with a repeating ground track, thereby opening up
the possibility of never interfering with some GSO orbit
locations.

What the analysis shows is that the coupling time statistic
is relatively short -- on the order of a few hundredths of one
percent. Yet, the transit time for the LEO satellite to traverse
the mainbeam of a GSO earth station antenna is relatively long -­
on the order of seconds to tens of seconds. Furthermore, the
coupling statistics increase proportionately with the number of
LEO satellite feeder link earth stations.

Several operational and LEO satellite antenna designs could
either eliminate beam coupling or reduce the coupling time
statistics to as small as necessary. These include:

LEO satellite feeder uplink site diversity;

Narrow beam LEO satellite antennas;

Steerable spot beam LEO satellite antennas; and

Relatively large LEO and GSO earth station antenna size.

Accordingly, in order to have GSO-FSS and LEO satellite
feeder links sharing the same frequency bands, there is a need to
establish the extent, if any, to which coupling between GSO FSS
and LEO systems would inhibit the operation of either system. If
the interference situation warrants, it will be necessary to
establish a set of balanced sharing principles and interference
criteria, based in whole or in part on the options identified
above, that would permit successful co-channel operation of both
LEO and GSO systems.

Sections 4.2, 4.4.2, and 4.4.3 describe how the techniques
discussed here (and others as well) can be used to establish
coordinated LEO/GSO sharing arrangements that will avoid mutual
harmful interference. If the sharing principles to reduce beam
coupling prove too restrictive, it may be necessary to explore
other options -- such as the possibility of establishing
geographic exclusion zones where GSo-FSS and/or LEO feeder link
operations would be prohibited, or the use of dedicated frequency
allocations for LEO satellite feeder link use.

•. 1.3

•. 1.3.1

Ipterpetippel ,rpse.. .egardipg -pp­
qep'tetippeEl lete11ite QperetiPP' &p 'epd'
'harld Kith qep'tatippeEl r,a ,y.t...

OylrTie •

The International Frequency Registration Board ("IFRB") of
the ITU is charged with interpreting and managing the
implementation of the ITU Radio Regulations subsequent to radio
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conferences. This is done through the issuance of Rules of
Procedure. For example, in IFRB Circular Letter 921, 11 December
1992, the IFRB issued a Rule of Procedure on the Application of
Provisions of Resolution No. 46 (which provides interim
international coordination procedures for systems including the
non-geostationary MSS/RDSS .systems proposed for the 1610-1626.5
MHz and 2483.5-2500 MHz bands). The rule of procedure sets forth
how the IFRB would apply Resolution 46.

There is no rule of procedure for RR 2613. Up to now, the
IFRB has had limited occasion to apply this Radio Requlation. Now,
however, as a consequence of the potential extensive use of FSS
frequencies for feeder links for non-geostationary satellites, the
IFRB staff has begun examining this issue. In addition, several
cognizant groups of the International Radio Consultative Working
Group ("CCIR") are also becoming quite intereated, and are
attempting to develop applicable criteria. S&& Document No.
MSSAC/IWG3-11 (which consists of a set of questions presently
adopted by Working Party 4A, and acknowledged by Working Party
80) .

Pending the development of such criteria as may be
applicable, the IFRB has encouraged that Administrations indicate
when SUbmitting coordination information in accordance with
Article 11 of the Radio RegUlations that a statement be included
about the intent to address RR 2613. The IFRB, however, appears
to be of the view that Administrations need to be mindful of the
existence of the RR 2613 obligations during their coordinations.
This view is expressed in a 7 December 1992 letter from theIFRB
to the Commission. ~ Attachment to Document No. MSSAC/IWG3-22
(Rev. 1).

As indicated in Section 4.1.3.2 of this Report, RR 2613
applies only to the geostationary FSS. Resolution 46, however,
mandates that coordination take place among non-geostationary
satellite systems, and between non-geostationary and geostationary
satellite systems when operating in the bands in which MSS
services are provided (identified in Rule of Procedure a-52). The
CCIR questions and liaison statement between Working Party 80 and
Working Party 4A (Document No. MSSAC/IWG3-11) suggest a linkage
between MSS and FSS frequency use. Whether mandated or not, it is
clear that some sort of coordination will need to take place
between non-geostationary systema and geostationary FSS syatems in
order to ensure that unacceptable interference does not take
place. What this actually means will depend on the particular
systems concerned.

".1.3.2 IpterpatiApal IgplisatiAP apd IpteEgretatiAP
Af BadiA ",",latiAD 2.13

As modified at the 1992 World Administrative Radio
Conference, International Radio Requlation 2613 provides as
follows:
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"Non-geostationary space stations shall
cease or reduce to a negligible level their
emissions, and their associated earth stations
shall not transmit to them, whenever there is
insufficient angular separation between non­
geostationary satellites and geostationary
satellites resulting in unacceptable
interference1l to geostationary satellite
space systems in the fixed-satellite service
operating in accordance with these
Regulations.

11 The level of accepted interference shall
be fixed by agreement between the
administrations concerned, using the relevant
CCIR Recommendations as a guide."

Final Acts of WARC-92, Radio Reg. 2613.

In analyzing RR 2613 with regard to the services under
consideration by the MSS Above 1 GHzNegotiated Rulemaking Working
Group, several observations must be made at the outset. First of
all, as explained below, RR 2613 is not applicable to non­
geostationary and geostationary space systems within a single
administration; it only applies as between non-geostationary
satellites of one administration and geostationary FSS space
systems of one or more other administrations. Thus, the RR 2613
has no applicability as between systems authorized by the
Commission.

Next, RR 2613 clearly does not relegate non-geostationary
space stations (or their associated earth stations) to secondary
status with respect to geostationary FSS operations in shared
bands. Onder the Radio Regulations and the Commission's own
rules, stations in a "secondary" service shall not cause "harmful"
interference to primary or permitted service stations that are
using the subject frequency bands in a manner consistent with the
Radio Regulations. ~ RR 420-423; 47 C.F.R. SS2.104(d) (4) and
2.105(c) (3). In RR 2613, the "obligation" of non-geostationary
space stations to reduce their emissions to a negligible level (or
cease them altogether) does not arise at all unless there is
"insufficient angular separation" between non-geostationary and
geostationary satellites that causes ·unacceptable interference"
to geostationary FSS space systems. The RR 2613 obligation is not
affected by a station's "primary" or "secondary" status.

It is also clear, by virtue of the ITO's selection of the
term "unacceptable interference" as a condition that must exist
before the RR 2613 obligations can come into play, that the
requirement cannot be applied without prior coordination or at
least communication between affected systems of different
administrations. The term "unacceptable interference" lacks a
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formal definition in the ITU Radio Regulations. However, the term
"accepted interference" is defined in RR 162 as " [ijnterrerence at
a higher level than that defined as permissible interference and
which has been agreed upon between two or more administrations
without prejudice to other administrations." It also appears that
the term "unacceptable interference" is used by the ITU to signify
a level of interference that is in excess of "accepted
interference." ~ Note 1 to RR 2613 (RR 2613.1/2614.1). seA
AlAQ RR 2619 & n.3 (RR 2619.1). It thus becomes the case that a
finding of "unacceptable interference" -- i.e., a level of
interference that exceeds a level that had previously been agreed
upon between two or more administrations -- can only be made if
there has been some initial agreement on acceptable interference
levels between two or more administrations.

Finally, RR 2613 is limited in application to geostationary
satellites and associated earth stations that provide FSS service.
Only space systems comprised of geostationary satellites that
provide FSS services can invoke RR 2613, because RR 2613 applies
only to geostationary space systems "in the fixed-satellite
service operating in accordance with these Regulations."

... 1 ... International Applisation oC M 2113

With regard to international application of RR 2613, the
Working Group recommends that the United States determine its
obligations under RR 2613 in the following manner. Three
conditions must be met before a non-geostationary system would be
required to cease or reduce transmissions in order to protect a
geostationary system. First, the administrations of the systems
involved must engage in bi-lateral or multi-lateral discussions
and reach agreement as to a level of "accepted interference" (a&
RR 162). Second, after the systems are in operation, the non­
geostationary system must exceed the level of interference agreed
to. Third, the interference in excess of the agreed level must be
caused by the failure of the non-geostationary system to maintain
sufficient angular separation between the satellites of the two
systems. If any of these three conditions is not met, RR 2613
cannot be invoked to affect the operations of any non­
geostationary satellites.

This interpretation of RR 2613 will provide an existing non­
geostationary satellite system that operates in FSS bands with a
necessary measure of protection against a demand from a future
geostationary FSS system that they cease or reduce transmissions.
A geostationary FSS system operator would be required to
coordinate with existing non-geostationary system. to arrive at a
level of "accepted" interference before any demand to cease or
reduce transmissions resulting from ·unacceptable- interference
can be made -- a requirement that does not otherwise exist under
the ITU Radio Regulations. The Working Group recommends that the
United States seek in appropriate international radio fora the
adoption of procedures to afford balanced protection for a non-
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geostationary system from future geostationary systems. At the
least the United States should seek to have the above
interpretation of RR 2613 applied internationally.

No modifications to the Commission's rules would be needed
with regard to international application of RR 2613. Section
25.111 requires applicants to provide the Commission with all
information necessary to complete the IFRB processes, and subjects
station licenses to additional terms and conditions pending the
completion of applicable discussions with other Administrations.
SAA 47 C.F.R. § 25.111(b).

4.1.5 pp.e.s;!', 'equlaS;pQt &aroacla to U 2'13

On the basis of the foregoing, RR 2613 does not apply to the
case of a non-geostationary and a geostationary FSS syatem that
are licensed by a single Administration. However, the question
remains of how to address shared frequency use by a non­
geostationary and a geostationary FSS system that are licensed by
the Commission.

For purposes of the Commission's regulations, all that should
be included for operators of non-geostationary and geostationary
FSS systems licensed or to be licensed by the Commission is a
requirement in Part 25 of the FCC's rules that affected operators
coordinate their use of the shared bands. This requirement should
take the form of a regulation in Part 25 of the FCC's rules that
requires coordination between affected U.S. systems.

This domestic coordination would occur regardless of whether
the geostationary FSS or non-geostationary system is the first to
be operational. The Working Group recognized that significant
obstacles to coordination might exist in the case of non­
geostationary systems that propose to operate feeder links in
frequency bands that are heavily populated by GSO-FSS systems.
Conversely, coordination would be significantly easier for non­
geostationary systems that propose to operate feeder links in
frequency bands that are not heavily populated by GSo-FSS syatema.

Rules to address this situation are presented in Section 5.

4.2 ,ee4erlinlt. ip the 5/1 GI, 'Ipd.

Three of the LEO MSS syatems above 1 GHz applicants bave
proposed the use of the 5150-5216 MHz band for feeder linka
operating in the space-to-Earth direction. Loral Qualcoma
Satellite Services, Inc. and Constellation Communicationa, in
their applications filed June 3, 1991, applied for uae of the
5150-5216 MHz band for feeder links in the apace-to-Earth
direction. Ellipsat, during this NRM, has indicated ita plana to
amend its application to use the band 5150-5216 MHz for feeder
links in the space-to-Earth direction.
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Thus, the currently proposed feeder links of these three
applicants are as follows:

MSS Applicant

Globalstar

Constellation

Ellipsat

4.2.1

Eorth-tQ-space

6484 - 6541 MHz

6525 - 6591 MHz

6452 - 6725 MHz

, GI. PRli,pls.

SpoCe-to-Eortb

5150-5216 MHz

5150-5216 MHz

5150-5216 MHz

The feeder links proposed in the Earth-to-space direction
(6425-6725 MHz) are available for use as feeder links because they
are allocated to the fixed-satellite service. No questions were
raised during the NRM concerning the ability of the MSS/RDSS
systems to share these bands with other fixed-satellite
operations. It is noted that there are no United States FSS
systems operating in these bands. However, the PACSTAR system,
which proposes to provide service in the Pacific Ocean Region, has
notified two satellites, and advance published two additional
satellites, which would use portions of this band.

4.2.2 !i GI, 09vpl1pk.

Section 25.202 (a) (1) of the Commission's rules identifies
feederlink bands for ROSS. Establishment of this rule was based
on the requirement for GSO ROSS systems. In proposing LEO
ROSS/MSS systems, several applicants assumed that these ROSS
feederlink bands would also be available for their systems.
Following the filing of these applications on June 3, 1991, these
applicants sought U.S. support for adding MSS to Footnote 797A.
However, the U.S. decided not to seek this change at WARC-92. In
the applicants' opinion, this revision would have been consistent
with the various United States proposals to add mobile-satellite
service on a co-primary basis to the bands 1610-1626.5 MHz to
2483.5-2500 MHz.

The Commission, in its NPRM proposing the allocation of the
1610-1626.5 MHz and 2483.5-2500 MHz bands for MSS, stated that it
is "not proposing to authorize use of the 5150-5216 MHz band for
feeder link operations for MSS LEO or for mixed MSS LEO/ROSS
systems because such use would not be compatible with the
aeronautical radio navigation uses currently operating in this
band." The Commission went on to state that ·with MSS operations
the numbers of earth stations is increasing and we anticipate
problems with potential interference to the radionavigation
service." Notice Qf Proposed Rulemaking, para. 26.


